children with coarctation of the aorta (COA) and an associated ventricular septal defect (VSD) underwent cardiac catheterization. Thirty-one patients presented with congestive heart failure. Twenty-five of 27 patients (92%) who underwent cardiac catheterization under age 3 months had either systemic hypertension, a systolic gradient across the coarctation greater than 20 mm Hg or both. Pulmonary hypertension was present in all 25 patients.
SUMMARY From 1965 to 1974, 53 children with coarctation of the aorta (COA) and an associated ventricular septal defect (VSD) underwent cardiac catheterization. Thirty-one patients presented with congestive heart failure. Twenty-five of 27 patients (92%) who underwent cardiac catheterization under age 3 months had either systemic hypertension, a systolic gradient across the coarctation greater than 20 mm Hg or both. Pulmonary hypertension was present in all 25 patients.
COA repair was performed in 39 patients and there were seven THE MAJORITY OF PATIENTS with an uncomplicated coarctation of the aorta (COA) have little difficulty during infancy and early childhood. In contrast, those patients who have a COA and an associated ventricular septal defect (VSD) usually present during the first year of life with congestive heart failure. ' 2 In view of the high mortality in patients with this combination of lesions, surgical resection of the COA is often advised in infants who do not adequately respond to medical therapy for congestive heart failure.' In addition to the COA repair, some centers have recommended banding of the pulmonary artery in patients with an associated VSD who have large pulmonary blood flow, pulmonary hypertension and congestive heart failure. 46 With the development of the technique of profound hypothermia and circulatory arrest, direct repair of the VSD in infants has become possible.'1'2 This raises the possibility of closure of the VSD at the time of coarctation repair or even the consideration of VSD closure without COA resection. In an attempt to further define the importance of the VSD in patients with COA this report reviews the experience in patients with this combination of lesions who were seen at the Children's Hospital of Pittsburgh over the last decade.
Materials and Methods
In the ten-year period from January 1, 1965 through December 31, 1974, 53 patients were seen with a diagnosis of COA and an associated VSD. In all patients the diagnosis was confirmed by cardiac catheterization and angiocardiography. Since the main purpose of this study was to assess the fate of the VSD when it is found in association with COA, patients with those complex lesions that might significantly affect the long-term results were excluded from considera-deaths. Of the 32 survivors, 23 have no residual gradient; six are normotensive but have a mild residual gradient; three are hypertensive or have a gradient > 20 mm Hg. Repair of the VSD or pulmonary artery banding has been performed in 11 of 44 patients who survived infancy. Spontaneous closure of the VSD has occurred in three cases and 25 patients have a small VSD that does not warrant surgical repair. Surgical repair of COA during infancy may be unavoidable but conservative medical management of the associated VSD is often successful. tion (i.e., patients with COA, VSD and associated semilunar or atrioventricular valve atresia or conotruncal anomalies).
All in-patient and out-patient records, cardiac catheterization data, operative reports and autopsy protocols were reviewed. The patients were grouped according to age at the time of initial visit, at the time of cardiac catheterization and at the time of operative repair of their coarctation. The clinical, hemodynamic, anatomic and follow-up data were then tabulated.
For the purpose of this study, patients with COA and VSD were classified according to the hemodynamic and clinical findings at cardiac catheterization (table 1). In all patients the peak systolic pressure in the ascending aorta and/or left ventricle was recorded at the initial cardiac catheterization. The aortic pressure distal to the coarctation was also recorded in 37 patients. In the remaining 16 patients, the descending aorta pressure was not measured directly and the clinically determined blood pressure in the lower extremities was used. A peak systolic gradient of 20 mm Hg or more across the area of coarctation was considered to be significant. Thus, patients in groups C and D were considered to have a moderate to severe COA. In a few instances, patients were classified as group A preoperatively when the presence of a patent ductus arteriosus and severe pulmonary hypertension resulted in the absence of a gradient across the coarcted segment. The VSD was graded ac- cording to the pulmonary to systemic flow ratio (Qp/Qs) and the level of the peak systolic pressure in the pulmonary artery. Patients in groups I or II had a small VSD, those in group III had a moderate size VSD and those in groups IV and V had a large VSD.
Results
Of the 53 patients with COA and VSD included in this study 33 (62%) presented with congestive heart failure (fig. 1) . No patient over six months of age was found to have congestive heart failure at initial evaluation. Thirty-five patients were less than four months of age at the time of their initial visit and of these 31 (89%) presented with congestive heart failure.
The hemodynamic data obtained in the patients in this series are shown in figure 2. Comparison between patients less than four months of age and those over four months of age at the time of their initial cardiac catheterization revealed that the severity of the COA was similar in both groups. All patients less than four months of age had a large VSD at the time of cardiac catheterization. In contrast, 75% of the patients over four months of age had a small to moderate size VSD and were in groups I-Ill.
The hemodynamic data from these two groups of patients were further analyzed by comparing the VSD and COA grades for each individual patient (tables 2 and 3). The clustering in the more severe grades of the COA and VSD in patients less than four months old was apparent. In contrast, in the group over four months of age, there was a tendency for the VSD to be smaller in spite of the fact that 81% of the patients had a moderate to severe grade of COA.
Associated cardiovascular lesions were found in the majority of patients (table 4 ). The aortic valve was bicuspid in 14 of 37 patients in whom there was adequate angiographic visualization. In each case, an apical systolic ejection click was present clinically. The aortic valve in the remaining 16 patients was classified as probably bicuspid (one patient) or probably tricuspid (15 patients) on the basis of clinical findings. Thus, a bicuspid aortic valve was thought to be present in 15 of the 53 patients in this series (28%); however, a hemodynamically significant abnormality of the aortic valve was present in only two patients (4%). A patent ductus arteriosus was present in 43% of the patients but on the basis of the angiographic appearance and the findings at operation, it was considered hemodynamically significant in only 11%. An interatrial communication was present in 12 patients (23%) and usually contributed to some extent to the degree of left-to-right shunt present at the time of the initial cardiac catheterization. However, only two of the 12 patients were The initial management of the 38 patients who were less than six months old at the initial visit is summarized in table 5. Thirty-three of these 38 patients presented with congestive heart failure. Six of 17 patients operated at less than six months of age died; five of these deaths occurred in infants who were less than one month old. In the overall series, 40 of the 53 patients underwent COA repair with seven deaths (table 6). There were only two deaths in the group of 31 patients who were over one month of age at the time of operation. Both underwent simultaneous repair of the COA and VSD.
The current status of the 33 survivors of COA repair is summarized in table 7. Length of follow-up ranges from 21 months to 16 years (mean 4.8 years). The postoperative status of nine of 11 survivors of operation at less than six months of age has been documented by cardiac catheterization. Eight of 22 survivors of coarctectomy after age six months have had a postoperative cardiac catheterization. Although 97% of the survivors were considered to have a moderate to severe COA prior to repair, 73% had no residual coarctation. Three patients had moderate to severe residual narrowing at the site of coarctation repair and two have undergone reoperation. When the postoperative COA grade was compared with the patient's age at the time of operation (table 8), a higher percentage of those undergoing operation in early infancy were found to have residual stenosis. Six of 11 patients (55%) who survived coarctectomy at less than six months of age had no residual narrowing on follow-up evaluation. In contrast, 18 of 22 patients (81%) who survived coarctectomy at older than six months of age had a satisfactory result.
VSD -Late Results
The overall results in the series of 53 patients are summarized in figure 3 . COA resection has been performed in 40 patients with 33 survivors. Of these survivors, eight patients have undergone subsequent VSD repair. The only death occurred in one of the three patients who had previously undergone banding of the pulmonary artery. Two patients had spontaneous closure of the VSD and 23 patients have not undergone an operative procedure for the VSD. Eleven of 13 patients who did not undergo COA resection have survived. Of these, three patients have undergone VSD repair with one death. One patient had spontaneous closure of the VSD and seven patients have not undergone VSD repair.
The fate of the VSD in the 44 patients who survived infancy is summarized in table 9. The VSD was initially small in 11 patients (25%) and decreased in size in another 17 (39%). Spontaneous closure of the VSD has occurred in three patients (7%) and it has been surgically closed in 11 of the 44 (25%). In two patients the VSD has remained unchanged.
The fate of the VSD in this series of patients was further analyzed by comparing the current status of the VSD with the initial grade of the VSD in the 44 patients who survived infancy. These data are summarized in table 10. Nineteen of the survivors (43%) initially had a small to moderate size VSD (groups I-III). Two of these patients have undergone surgical closure of the VSD, one has closed spontaneously and all but one of the remaining patients are presently in group I. Twenty-five of the 44 survivors (57%) initially had a large VSD with pulmonary hypertension and were classified as group IV or V. Nine of these 25 (36%) have undergone surgical closure of a VSD with two deaths. Eleven of these 25 patients (44%) who initially had a large VSD with pulmonary hypertension have subsequently either had spontaneous closure of the VSD (two patients) or presently have a small VSD without pulmonary hypertension and are classified as group I. Two patients have pulmonary vascular disease; one has had surgical closure of the VSD and the other is presently in group V. An aneurysm of the membranous septum has been found on angiocardiography in 15 of the patients in this series ( fig.  4 ). One-third of these patients were initially classified in groups IV and V. One patient had spontaneous closure of the VSD and 12 of the 15 are currently in group I. All patients in this group either have shown a decrease in the size of their VSD or initially had a small defect.
Discussion
The majority of patients with COA who present with congestive heart failure in the early months of life have an associated left-to-right shunt.'-10 The management of patients with COA and an associated patent ductus arteriosus (PDA) who have not responded to medical therapy is fairly straightforward since the operative treatment eliminates both the obstructive lesion and the left-toright shunt. In contrast, the therapeutic approach to the infant with COA and VSD is more complicated since relief of the obstruction does not eliminate the intracardiac shunt. This combination of lesions, therefore, necessitates the addi- tional consideration of the management of the VSD at the time of COA repair. This series parallels those that have previously been reported in that congestive heart failure was common only in the very young. This high incidence of congestive heart failure in infants compared to those who are older, may very well depend upon the severity of the COA, the size of the VSD or the presence of other associated lesions.1-48 7 Although associated cardiovascular lesions other than VSD were found in the majority of patients in this series, they were hemodynamically significant in only a few and were similarly distributed among the two age groups. The severity of the COA was also similar in both age ranges. In contrast, all patients who were in the group that was less than four months of age were found to have a large VSD (group IV-V) while 75% of the patients who were over four months of age had a small to moderate size VSD (group I-III). These data suggest that the size and hemodynamic influence of the VSD results in the early appearance and severity of the symptoms in these young infants and that an aggressive surgical approach to the management of the VSD at the time of COA repair is indicated. Thus, banding of the pulmonary artery has been recommended by some centers for patients with COA, VSD, large pulmonary blood flow and pulmonary hypertension. 4 
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Although it is likely that the combined effect of aortic obstruction and a VSD results in early congestive heart failure in these infants, the effect of the afterload of the COA can still be the primary problem. The increased afterload in the systemic circulation in patients with COA increases the magnitude of the left-to-right shunt through the VSD thereby magnifying the hemodynamic importance of the VSD. Thus, the summation effect of the afterload of the COA and the increased left-to-right shunt produced by this afterload results in the difficulties encountered in these patients. In recent years it has been our policy to attempt surgical resection of the COA, without banding of the pulmonary artery, in those patients with a COA and VSD who do not respond to medical management. Twenty-five of the 44 patients in this series who survived infancy initially had a large VSD with pulmonary hypertension. In 11 of these 25 patients (44%) the VSD has either closed spontaneously or is presently classified as group I. All of these patients would have undergone banding of the pulmonary artery at the time of the COA resection using the criteria recommended by many other centers.4'610 As a result it would have been necessary for these patients to have an additional operative procedure to remove the pulmonary artery band and perform a pulmonary arterioplasty." A spontaneous decrease in the size of an isolated VSD occurs in 20 to 50% of cases regardless of the initial size of the defect.'3-17 In many of these patients an aneurysm of the membranous interventricular septum is associated with this decrease in size and it has been suggested that this is the mechanism by which the change in size, or even spontaneous closure, occurs. 13"16"17 In this series an aneurysm of the membranous septum was found in 15 patients. In each case, the VSD was either initially small or subsequently decreased in size. Although only one of these 15 patients has been documented to have spontaneous closure of a VSD, many of the others are extremely small defects and may close over the next few years. The findings of this study suggest that there is a good chance of a decrease in size or spontaneous closure of the VSD in patients who have an associated COA, even when there is an initially large VSD with pulmonary hypertension. This has resulted in a plan of management for patients with COA and VSD that is outlined in table 11 . Those patients with a COA and VSD who are clinically stable are managed medically until the pre-school years when an operative approach to the COA and/or the VSD would be appropriate according to the usual criteria. Those patients who are clinically unstable have early COA resection without banding of the pulmonary artery. If the patient is improved subsequent to COA resection and pulmonary hypertension is no longer present, then the VSD is managed medically and repaired electively in the preschool years according to the usual criteria. If the patient is not improved following COA resection or if pulmonary hypertension persists, then repair of the VSD is performed during infancy using the technique of profound hypothermia and circulatory arrest."' 12 The combination of coarctation of the aorta and ventricular septal defect refractory to medical management in in- fancy remains a very significant clinical problem. In this series, there was still a 35% mortality in small infants who are refractory to medical therapy and who require operation in the early months of life. In addition, the risk of residual narrowing or recoarctation following coarctectomy in the early months of life in this study, as well as in others, is relatively high.4'5"18"9 However, since early operation results in the saving of many lives, residual stenosis is an acceptable complication. With the recent improvements in postoperative management and the use of microsurgical techniques, even greater patient survival and a decrease in the incidence of residual coarctation should result in the future. The use of primary repair of the VSD in infancy, only for those patients who do not respond to resection of the COA alone, may eliminate the need for a second operative procedure in many cases. Further evaluation of this mode of therapy on a prospective basis would be valuable.
